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Description 

[0001 J The present invention relates to a process for 
the recovery of lactic acid. 

{0002] ly/lore particularly, the present invention relates 
to a process for the recovery of lactic acid from aqueous 
solutions containing at least one water-soluble lactate 
salt and having a pH of about between 4 and 1 4. 
[0003] Lactic acid has long been used as a food ad- 
ditive and in various chemical and phannaceutical ap- 
plications. More recently, lactic acid has been used in 
the making of biodegradable polylactic acid polymers as 
a replacement for present plastic materials, as well as 
for various new uses where biodegradability is need or 
desired. Accordingly, there is an ever-Increasing de- 
mand for lactic acid. The present invention aims at meet- 
ing this demand by providing an efficient and environ- 
mentally friendly process for producing lactic acid which 
avoids the consumption of bases and acids and sub- 
stantially reduces, if not eliminates, the fonnation of 
waste or byproduct salts. 

[0004] The production of lactic acid is commonly car- 
ried out by fermentation of a strain of the bacterial genus 
iactobacillusdetbmeckB ox iMCiobaailus acidophilus. In 
general, the production of lactic acid by f ennentation In 
a fennentation broth Is well known In the art. The fer- 
mentation substrate consists of carbohydrates together 
with suitable mineral and proteinaceous nutrients. Be- 
cause the lactic acid-producing microorganisms are In- 
hibited in a strongly acidic environment, lactic acid fer- 
mentation is conducted at about neutral pH and a neu-. 
trallzing agent is added forpH adjustment As the pKa 
^ of lactic acid is 3.86, at the pH of fennentation, practi- 
' cally only lactate salts exist. Thus, recovery of lactic acid 
(in an acid form) from the fennentation liquor requires 
chemical conversion. Several processes were, devel- 
oped for such conversion. . 
[0005] in some of the processes the conversion liber- 
ates lactic acid in solution, e.g. by displacement with a 
strong acid. Thus, when calcium bases are used as the 
neutralizing agents In the fermentation, calcium lactate 
is fonned. Reacting the calcium lactate-containing fer- 
mentation liquorwith sulfuric acid results in precipitation 
of gypsum and liberation of lactic acid in the solution. 
[0006] Nakanishi and Tsuda (JP 46/301 76) consider 
production of 1 -butyl lactate by extraction of an acidified 
crude femiiantation broth with 1 -butanol, followed by es- 
terification of the extract phase. BASF (EP-0159 586) 
considers a similar process with isobutanol to form iso- 
butyl lactate. The process of WO 93/00440, assigned to 
DU PONT comprises the steps of: (1) simultaneously, 
mixing a strong acid, an alcohol, and a concentrated fer- 
mentation broth which contains mainly basic salts of lac-, 
tic acid, which react to fonn a crystal precipitate com- 
prising basic salts of the strong acid and an impure lac- 
tate ester of the alcohol; (2) removing water from the 
mixture as a water/alcohol azeotrop. which can be ac- 
complished either sequentially or substantially simulta: 



neousiy with step (1); removing the crystal precipitate 
from the mixture; and (4) distilling the impure lactate es- 
ter to remove impurities, and recovering the high purity 
ester. 

5 [0007] Aiternatively to purifying the lactic acid, which 
is liberated by displacement with a strong acid, through 
(Bsterification and distillation of the ester, one could pu- 
rify It by extraction. The extractant could be a relatively 
weak one and would allow the recovery of the extracted 
TO HLa at high concentration by back-extraction. The 
known (and food approved) weak extractants to be con- 
sidered are amine-based ones or soivating extractants 
(one may consider esters, ethers, ketones, aldehydes, 
etc., but aikanois seem preferable). 
IS [0008] but of these two groups, the amine-based 
ones are more attractive for several reasons: (I) they are 
more selectwe and would therefore provide for higher 
product purity, (11) their extraction capacity Is higher and 
therefore the extractant flow will be lower, and (III) the 
^0 amine-based extractants show the temperature sens!-, 
tlvity of the extraction and therefore provide for the "up- 
hill pumping" through back-extraction, at a temperature 
which Is higher than that of the extraction. 
[0009] These prefen;ed amine-based extractants . 
25 would not work in a simple process, where the (stronger 
than lactic) displacing acid is added to.the lactate salt- 
containing solution and the liberated HLa Is directly ex- 
tracted by contact with the extractant. The amine-based 
extractant prefers the stronger acid In a mixture and 
30 . would therefore reverse the reaction (remove the added 
acid). 

[0010] Acidulating neutral fennentation liquors by the 
addition of acids usually results in the fonnation of by- 
product salts such as the gypsum ammonium and sodi- . 
35 um sulfate. Reagents are consunfied and disposal of un- 
. desired by-products is required. 
[0011] Efforts have recently been made, to recover 
lactic acid from fennentation liquors without the fonna- 
. tion of such by-products. (Such processes will be re- 
^0 ferred to In the following as salt splitting processes.) In ■. 
some recently published patents, liquid liquid extraction 
(LLE) is applied for salt splitting. Thus. In King's US 
5,132,456, a strongly basic extractant extracts part of 
the lactic acid from the neutral solution, which results in 
^: a lactic acid loaded extractant and a basic solution, this 
basic solution, which still contains most of the lactic acid 
values, could be recycled as a neutralizing medium to 
the fennentation. in Baniei's US 5,510,526, the extrac- 
tion of the acid is conducted under CO2 pressure so that 
50 a bicari^onate is fomied. The latter can be used as a 
neutralizing agent in the fermentation. In ord^r to limit 
the CO2 pressure to an economto one and stiii achieve 
high yields, the extractant used should be quite strong. 
Recovery of the extracted lactic acid from such strong 
ss extractants is difficult, as they hold strongly to It. Recov- 
ery of the extracted acid by washing with an aqueous 
solution of a base is feasible, but fomis the lactate salt 
of the base. It Is therefore not practical in those cases 
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where tactic acid is the desired product. Bacl<-extraction 
with water forms an overly diluted product. 
[0012] US 5.132.456 suggests a way for recovering 
extracted carboxylb acid from a strong extractant. It 
comprises leaching or back-extraction with an aqueous 
solution of ammonia or low molecular weight aikyl 
amine, especially trimethyl amine (TMA). The resultant 
aqueous ammonium or alkylammonium carboxylate so- 
lution can be concentrated, If necessary, and the car- 
boxylate can be decomposed thermally to yield the 
product carboxylic acid and ammonia or amine which 
can be condensed and recycled. This process is costly 
and complex. According to the invention, It is particularly 
problematic for recovery of extracted lactic acid: "For 
tactic acid the decomposition is incomplete, being 
stopped by the fomiation of a viscous, almost glassy 
mass containing polymerized lactic acid along with sub- 
stantial TMA and water. There are, however, effective 
ways of driving the decomposition to completion for lac- 
tic acid, such as diluting the viscous mass with an ap- 
propriate solvent (e.g. methyl Isobutyl ketone) and con- 
tinuing the heating and decomposition process." 
[001 3] With these state of the art In mind there Is how 
provided, according to the present invention a process 
for the recovery of lactic acid from aqueous solutions 
containing at least one water-soluble lactate salt and 
having a pH of about between 4 and 14, comprising the 
steps of: a) contacting said aqueous solution with a cat- 
ion exchanger which is at least partially in Its acid fbmn, 
said cation exchanger being water Immiscible in both 
acid and salt fomri, whereby ion exchange is effected, 

. protons are transferred from said cation exchanger to 
the aqueous solution to acidulate it and to fomn lactic 
^ acid therein and cations from said aqueous solution are 
bound by said cation exchange to fomn a cations carry- 
ing cation exchanger, b) reacting said cations canying 
cation exchanger to convert It into a cation exchanger 
which is at least partially in its acid fomn and to a second 
product, which second product is basic and comprises 
the cation of said salt; and c) recovering lactic acid from 

. said lactic acid-containing acidulated aqueous solution 
by methods known per se. 

[0014] As will be realized in accordance with the 
present invention, said cation exchanger can be a liquid 
or solid cation exchanger. 

[0015] Thus, oh contacting the lactate salt-containing 
solution with the cation exchanger in its acid form an ion 
exchange Is effected. Protons from the cation exchang- 
er transfer Into the aqueous solution where they bind* 
with the lactate anions to fomn lactic acid. The cations 
of the lactate salt transfer at the same time to the cation- 
exchanger and transfom it Into its salt fonn. . 
[0016] Solid cation exchangers carrying functional 
groups such as carboxyl or suifone of the kind used, for 
example, for de-lonlzing solutions, are suitable for the 
process. So are water-lmmlscible extractants such, as 
fatty acids, alpha- or beta-halo cariaoxyllc acids, sulfonic 
acids and mono- or di-esters of phosphoric acid. The 



cation exchanger salts fomned are water Immiscible as 
well, so that, unlike in the case of acidulating by a min- 
eral acid, no salt is added to the broth. The cation ex- 
changer in the acid fomn needs to be regenerated and 

5 is therefore preferably of a weak to medium acidity. It 
was found that in certain cases highly efficient acidula- 
tion is achievable by use of cation exchangers which are 
significantly weaker acids than lactic acid. 
[0017] The acid/base properties of water soluble ac- 

10 ids or bases are easily determined by their degree of 
dissociation In aqueous solution. The acid/base proper- 
ties of water immiscible compounds are detennined in- 
directly through their interartion with solutes in an aque- 
ous solution. Thus the apparent acidity of various liquid 

15 or solid cation exchangers can be compared by contact- 
ing them with aqueous solutions of NaCt and determin- 
ing the pH of the aqueous solution in equilibrium. The 
lower the pH, the stronger the apparent acidity of the 
cation exchanger. For comparing cation exchangers of 

20 relatively low acidity, equilibration with base solutions is 
preferred. Analogously, the basicity of water immiscibte 
anion exchangers Is determined by equilibration with 
aqueous solutions of salts or acids. Unlike in the case 
of water soluble acids and bases, the apparent acid/ 

25 base properties found for water immiscible compounds 
are detemnlned in addition to the intrinsic properties of 
the anton/cation exchanger, by the rnethod of measure-, 
ment, by phenomena such as steric hindrance, and by 
the medium (in the case of liquid exchangers). 

so [0018] Thesaltfomn of the water immiscibte cation ex- 
changer can readily be treated to convert it back to its 
acid fomn. This can be achieved by contact with a solu- 
tion of an acid or an acidic salt, preferably one that is 
stronger than the cation exchanger. Operating this way 

35 consumes a strong acid and could therefore be consid- 
ered as an Indirect acldulatlon of the lactate salt via a 
water immiscible cation exchanger. Unlike In the case 
of direct acldulatlon by adding a water soluble acid, no 
salt is formed in the aqueous solution In the case of In- 

40 direct acldulatlon and one can use the preferred amine 
base extractants for the recovery of the liberated acid. 
Yet an acid Is consumed and a by-product salt is formed. 
There are various ways to Sipllt this by-product salt. For 
example, an acidic ammonium salt of a dl- or triprotic 

45 acid, e.g., NH4HSO4, could be used as the regenerant 
of the cation exchanger in an ammonium fonn. The re- 
sulting ammonium sulfate decomposes thennaily to am- 
monia to be reused, and to ammonium bisutfate, which 
Is the actdulant. As long as the lactate Is an ammonium 

50 lactate the regenerant could be NaHS04 or any other 
acidic sulfate salt, MHSO4, which is easy to work with. 
A metal M that fomis MNH4SO4 of relatively low solu- 
bility is preferable, as it lowers the energy costs related 
to water evaporation during the thermal decomposition 

55 of the salt. 

[001 9] In a preferred embodiment the salt of the cation 
exchanger is decomposed to reform the acid form and 
a second product which Is basic. An example is the case. 
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Where the lactate salt is ammonium lactate and an am- 
monium salt of the water Immiscible cation exchanger 
is fomned. The latter can be decomposed themnally to 
the cation exchanger in Its acid fomi and to ammonia. 
Conducting the thermal decomposition at sub-atmos- 
pheric conditions or by transfer of a carrier gas helps in 
shifting the reaction in the desired direction. Steam and 
COg are among the suitable carrier gases. Compared 
to the possibility of decomposition of a salt fomied on 
regenerating of the acid f omi of the cation exchanger by 
an aqueous solution of an acid, direct decomposition 
saves on energy consumption for water evaporation. In 
addition, for a liquid cation exchanger, the decomposi- 
tion can be assisted by changing the medium/solvent of 
the salt prior to Its decomposition. An alternative to dis- 
tillation of the second product Is the precipitation there- 
of. Thus, thermal hydrolysis of calcium salts of the cation 
exchanger fomis calcium hydroxide, or If conducted In 
the presence of CO2. CaCOg. The crystaiiization energy 
of these compounds assists the salt decomposition. 
[0020] In a further preferred embodiment the second 
product is basic and can be reused as a neutralizing 
agent in fennentation. Thus, the lactate salt-containing, 
aqueous solution could be a fermentation broth after re- 
moval of the biomass and possibly also after some ad- 
ditional pretreatments. Alternatively, It could be a stream 
obtained on recovery of lactic acid from broth treated by 
other methods. If ammonia Is used for pH adjustment in 
the fennentation (i.e. used as the neutralizing agent 
there), the lactate salt In the broth will be prffnarily am- 
. monlum lactate. Acldulatlon by water Immiscible cation 
exchanger would convert the latter from Its acid form to 
^ Its ammonium salt. Thennal decomposition of that am- 
monium salt refonns the cation exchanger in its acid 
form and f omis a second product, ammonia which is ba- 
sic. In fact the neutralizing agent is regenerated end can 
be reused in the femrientation. Thereby, the process 
avoids the consumption of stoichiometric amounts of a 
neutralizing base and of an acidulant and the fomiation 
of a stoichiometric amount of a by-product salt. Exam- 
ples for other basic, second decomposition products 
suitable for reuse In adjusting the pH in fermentation are 
calcium hydroxide or carbonate and sodium hydroxide, 
bicarbonate or carbonate resulting from applying the. 
process to calcium lactate or sodium lactate-containing 
solutions respectively. 

[0021] The lactic acid In the aqueous phase resulting 
from the acidulation by the water immiscible cation ex- 
changer is mostly in its free, non-dissociated form. The 
aqueous solution still comprises most of the Irhpurlties 
it had prior to the acidulation and purification of the lactic 
acid may be required. That can be effected by one of 
the very well known methods for purifying lactic acid, 
including distilling the acid or an ester thereof, adsorp- 
tion on a solid anion exchanger and solvent extraction. 
Suitable extractants are solvents such as alkanols, es- 
ters, ketoneSi etc., or extractants comprising water im- 
miscible amines as the main active components. The 



latter are also considered liquid anion exchangers. Out 
of these two groups, the amine-based ones are more 
attractive for several reasons: (i) they are more selective 
and would therefore provide for higher product purity, 
s (11) their extraction capacity Is.hlgher and therefore the 
extractant flow will be lower, and (III) the amlne-based 
extractants show the temperature sensitivity of the ex- 
traction and therefore provide for the "uphill pumping" 
through back-extraction at a temperature which Is hlgh- 
10 er than that of the extraction. 

[0022] Suitable amines are primary, secondary or ter- 
tiary amines with a total carbon atom number of at least 
18. Their concentration in the extractant is preferably 
above 0.5 mole/Kg and more preferably between 0.7 
'5 and 1 .6 mole/Kg. The upper limit is determined by the 
viscosity and therefore dependent on the lactic acid con- 
centration in the lactic acid-loaded extractant (extract), 
and on the temperature. The diluent for the amine can 
comprise a variety of solvents such as kerosene, esters. 
20 ketones, aldehydes, ethers, alkanols, etc. Polar sol- 
vents enhance the extraction efficiency of the extractant 
due to their effect on the apparent basicity (and are 
therefore refen-ed to as enhancers). The apparent ba- 
sicity of the extractant can be increased by 1 to 2 pKa 
2S units by adding a suitable enhancer in an amount equiv- 
alent to more than 1 mole of enhancer to 1 mole of the 
amine in the extractant. . 

[0023] Unlike In the cases of salt splitting according 
to US 5.132.456, US 5,510,526 and others, where no 
30 acidulant is added, or where the acidulant Is, in fact, a 
very weak acid, CO2, the extractant or the anion ex- 
changer in the present Invention can be a relatively 
weak one. Weaker extractants or anion exchangers pro- 
vide for easier recovery of the separated lactic acid. That 
35 is particularly Important when the lactic acid Is recovered 
from the extractant or from the water Immiscible anion 
exchanger by back-extraction or by desorption with wa- 
ter. The weaker the extractant or the anion exchanger, ' 
the more concentrated will the aqueous product of the 
40 back-extraction (back-extract) or desorption (eluate) be. 
Thus, in the case of extraction by -an amlne-based ex- 
tractant, tertiary amines are preferred over primary and 
secondary amines, and the enhancer content is prefer- 
ably relatively low. The prefen-ed apparent basicity of 
^5 the extractant or the anion exchanger is less than 6 and 
more preferably less than 4.5. Alternatively, in an amlne- 
based extractant the enhancer content In the extraction 
step Is quite high so that the apparent baslclty is higher 
and some of the enhancer Is removed from the extract 
so prior to the back-extraction. . 

[0024] Recovery of the lactic acid can be effected af- 
ter the acldulatlon and possibly also after the separation 
of the water immiscible cation exchanger. Alternatively, 
. the recovery of the lactic acid is conducted simultane- . 
55 ously with the acidulation so that both the water Immis- ■ 
cible cation exchanger In Its acid form and the water Im- 
miscible anion exchanger in Its free baseform are con-, 
tacted with the lactic acid-containing solution. There are 
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several known arrangements that allow such simultane- 
ous contacting. In one of them the contact is effected in 
a unit which comprises at least two compartments. In 
one compartment a liquid cation exchanger is mixed 
with the lactate salt-containing aqueous solution, while 5 
the liquid anion exchanger is situated In or flowing 
through the other compartment. The two compartments 
are separated by a membrane that blocks transport of 
organic phase through it. There is no need to block water 
or cations. The membrane should let lactic acid through, to 
Most anion exchange membranes and dense neutral 
hydrophlllc membranes are suitable. 
[0025] Aitematively, one compartment comprises a 
liquid cation exchanger and the other comprises a mix- 
ture of the lactate salt solution and a liquid anion ex- 
changer. In that case the membrane between the com- 
partments could be a cation exchange membrane or a 
dense neutral hydrophilic one. In a third option there are 
at least three compartments through which three 
streams are flowing: (1) the liquid cation exchanger, (il) 20 
the lactate satt-containing aqueous solution, and (ill) the 
liquid anion exchanger. (I) and (il) are separated by a 
cation exchange membrane or a dense neutral hy- 
drophilic niembrane, while (ii) and (ill) are separated by 
an anion exchange membrane (of the type that blocks 25 
cations, but allows protons through), or a dense neutral, 
hydrophilic membrane. In some of these embodiments 
a solid cation exchanger could replace the liquid cation 
exchanger and/or a solid anton exchanger can replace . 
the liquid anion exchanger. so 
[0026] Aitematively to a simultaneous contact with 
both the cation exchanger and the anion exchanger, the 
lactate salt-containing solution could be recycled be- 

' tween the two. Thus, it can be contacted with the cation 
exchanger for partial acidulationj then contacted with 35 
the anion exchanger for recovery of some of the free 
acid, then recycled to the contact with the cation ex- 
changer and so on. 

* [0027] Operating the acldulation by the cation, ex- 
changer separately from the recovery of the lactic acid / <o 
results in a build-up of tactic acid in the aqueous solu- 
tion. This build-up hinders further acldulation, and in or- 
der to reach a nearly complete acldulation, the acidity 
. or the cation exchanger should be similar to or higher 
than that of lactic acid. Simultaneous contact with, or <5 
recycle between, a cation exchanger and an anion ex- 
changer provides for removal of the lactic acid fonmed 
on the acidulatlon and thereby avoids the build-up of the 
acid In the aqueous solution. As a result, one can use a 
cation exchanger with a low apparent acidity, lower than so 
that of lactic acid. In this case the decomposition of the 
salt form of the cation exchanger into the cation ex- 
changer in the acid fomn and a second basic product is 
easier. 

[0028] While the Invention will now be described in 
connection with certain preferred embodiments In the 
following examples so that aspects thereof may be more 
fully understood and appreciated, it is not intended to 



limit the invention to these particular embodiments. On 
the contrary, it is Intended to cover all altematives, mod- 
iftcations and equivalents as may be included within the 
scope of the invention as defined by the appended 
claims. Thus, the following examples which Include pre- 
ferred embodiments will serve to illustrate the practice 
of this invention, it being understood that the particulars 
shown are by way of example and for purposes of illus- 
trative discussion of prefen-ed embodiments of the 
present invention only and are presented in the cause 
of providing what is believed to be the most useful and 
readily understood description of formulation proce- 
dures as well as of the principles and conceptual as- 
pects of the Invention. 

Example 1 

[0029] Aqueous solutions containing 30% ammonium 
lactate (initial pfH=5.B5) are equilibrated at ambient tenrv 
perture with di-(2-ethyl hexyl) phosphoric acid (DEHPA) 
at various organic to aqueous ratios. The pl-1 values of 
the resulting aqueous phase are detenmlned: they are 
4.9, 4.1 and 3.2 for organic to aqueous wt/wt ratios of 
0.5;1, 1:1 and 3:1 respectively. 
[0030] In a similar experiment 30% ammonium lactate 
solutions are contacted with dinonyi naphthalene sul- 
fonic acid (obtained from King Industries as 50% solu- 
tion in Norpar 12). The pH of the aqueous solutions in 
equilibrium are 5.1 and 4.5 fororgank: to aqueous wt/Wt 
ratios of 0.5:1 and 1 :1 respectively. 
[0031] Lowering the pH In contact with the water Inn- 
miscible cation exchangers Is a result of removing am- 
monium cations from the solution through binding to the 
cation exchangers and thereby fomning lactic acid in 
said aqueous solution. 

Example 2 

[0032] 12.0g aqueous solution containing 0.49 mot/ 
Kg sodium lactate (total of 5.9 mmol lactate) Is contacted 
ih a beaker with 1 .09g dry cation exchanger Dowex 50x 
in its acid form (cation exchange capacity of 4.6 equiv- 
alent per gram dry). After shaking at ambient tempera- 
ture for 2 hours, the solution was separated and ana- 
lyzed for lactic acid by titration. 3.3 equivalents were 
found Indicating conversion of 56% of the sodium lactate 
to lactic acid through cation exchange. 

Example 3. 

[0033] 18.8 aqueous solution containing 2.4 moi/Kg 
ammonium lactate is equilibrated with 32.6g DEHPA at 
ambient temperature. An aqueous solution containing 
0.97 moi/Kg lactic acid and ammonia containing.organic 
phase are obtained. The organic phase Is heated for 2 
hours while nitrogen is bubbled through it. Most of its 
cation exchange capacity is thereby restored. Ammonia 
is condensed from the vapor phase. 12.3g of the lactic 
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acid containing aqueous phase Is equilibrated at ambi- 
ent temperature with 47g extractant containing 48 wt% 
tricaprylyl amine (Henkel's Alamine 336), 30% octanol 
and 22% kerosene. 97% of the lactic acid values In the 
aqueous phase are extracted Into the organic phase. 
Baclc-extractton with water at 1 40^0 transfers more than 
90% of the extracted acid into the obtained aqueous so- 
lution. 

Example 4. 

[0034] The following experiment tested simultaneous 
contacting of the lactic acid salt-containing aqueous so- 
lution with a liquid cation exchanger and a liquid anion 
exchanger. A three-compartment unit was used. 
Through one of the compartments a liquid cation ex- 
changer was transferred. This compartment was sepa- 
rated by a membrane from the middle compartment, 
through which an aqueous solution of lactate salt was 
flowing. This compartment was separated by a second 
membrane from a third compartment through which a 
liquid anion exchangerwas transferred. The volumes of 
the compartments were 10, 5 and 10 mi, respectively. 
The volumes of ail three solutions flowing between their 
compartments and reservoirs were 100 ml. The flow 
rates for all three solutions were 50 ml/min. The mem- 
branes' worl<lng areas were 1 02 cm. 
[0035] The cation exchanger used was 1 .2 mol/l<g so- 
lution of DEHPA in l<erosene. The anion exchanger was 
a solution containing 1 .2 mol/kg Alamine 336 + 20% oc- 
tanol in kerosene. The aqueous solutions were of 1 .0 
mol/kg sodium or ammonium lactate. The membranes 
situated between the cation exchanger and the aqueous 
solution were Neosepta CM-1 or CM-2 cation exchange 
membranes obtained from Tokayama Soda Co. Those 
situated between the aqueous solution and the anion 
exchanger were Neosepta. ACH-4S or Neosepta AFX, 
both are anion exchange membranes obtained from 
Tokayama Soda Co, or Celgard 3400, a dense hy- 
drophlllc membrane obtained from Celanese Co. 
[0036] The rates of cations transport into the cation 
exchanger and of the simultaneous transport of lactic 
acid into the anion exchariger were followed. The flow 
rates In all the combinations tested were typically higher 
than310"5mol/m2sec. 



Claims 



A process for the recovery of lactic acid from aque- 
ous solutions containing at least one water-soluble 
lactate salt and having a pH of about between 4 and 
14, comprising the ste!ps of; 

a) contacting said aqueous solution with a cat- 
Ion exchanger which is at least partially in its 
acid form, said cation exchanger being water 
immiscitple in both acid and salt form, whereby 
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Ion exchange is effected, protons are trans- 
ferred from said cation exchanger to the aque- 
ous solution to acidulate it and to fonn lactic ac- 
• id therein and cations from said aqueous solu- 
tion are bound by said cation exchangerto form 
a cations carrying cation exchariger; 

b) reacting said cations carrying cation ex- 
changer to convert It Into a cation exchanger 
which Is at least partially in Its acid fomi and to 
a second product, which second product is ba- 
sic and comprises the cation of said salt; and 

c) recovering lactic acid from said lactte acid- 
containing acidulated aqueous solution by 
methods known per se. 

A process according to claim 1 . wherein said cation 
exchanger is a liquid cation exchanger. 

A process according to claim 1 , wherein said cation 
exchanger is a solid cation exchanger. 

A process according to claim 1 . wherein said reac- 
tion in said step (b) is a decomposition reaction. 

A process according to claim 1 , wherein said lactic 
acid Is recovered from said lactic acid-containing 
acidulated aqueous solution simultaneously with 
the acidulation thereof. 

A process according to claim 1 , wherein said lactic 
acid is recovered from said lactic acld^ontaining 
acidulated aqueous solution after the acidulation of 
said solution. 

A process according to claim 1 , wherein said sec- . 
ond product is used as a neutralizing agent In fer- 
mentation. 

A process according to claim 1 , wherein said recov- 
ery of said lactic acid from the acidulated aqueous 
solution is effected by contacting said solution with 
a lactic acid extractant. 

A process according to clairii 1 , wherein said recov- 
ery of said lactic acid from the acidulated aqueous 
solution is effected by contacting said solution with 
a lactic acid absorbent. 



10. A process according to claim 1 . wherein said recov- 
ery of said lactic acid from the acidulated aqueous 
solution Is effected by contacting said solution with 
an anion exchanger which is at least partially in Its 
free base fomn, which anion exchanger Is water im- 
miscible in both base and salt fomi. 

1 1 . A process according to claim 1 0 wherein said anion 
exchanger is a liquid anion exchanger. . 
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12. A process according to claim 1 0, wherein said anion 
exchanger is a solid anion exchanger. 

13. A process according to claim 1 0, wherein said anion 
exchanger, in its free base form has an apparent s 
basicity corresponding to pKa of not higher than 6. 

14. A process according to claim 1 0.wherein said anion 
exchanger, in Its free base fonri has an apparent 
basicity corresponding to pKa of not higherthan 4.5. f o 

15. A process according to claim 10. wherein said cat- 
ion exchanger in Its at least partially acid form and 
said anion exchanger In its at least partially free 
base form are simultaneously contacted with said 19 
lactic acid salt-containing aqueous solution. 

16. A process according to claim 10, wherein said cat- 
Ion exchanger in Its at least partially acid fomn and 
said anion exchanger in its at least partially free 20 
base form are repeatedly attemateiy contacted with 
said lactic acid salt-containing aqueous solution. 

17. A process according to claim 1 0. wherein said anion 
exchanger is separated from said aqueous solution S5 
by an anion exchange membrane. 

18. A process according to claim 10, wherein said anion 
exchanger Is separated from said aqueous solution 

by a dense neutral hydrophillc membrane. so 

19. A process according to claim 1 0, wherein said anion 
exchanger is separated from said aqueous solution 
by a dense neutral hydrophobic membrane. 

35 

20. A process according to datm 1 . wherein said cation 
exchanger is separated from said aqueous solution 
by a cation exchange membrane. 

21 . A process according to claim 1 , wherein said cation 
exchanger is separated from said aqueous solution 
by a dense neutral hydrophilic membrane. 

22. A process according to claim 1 , wherein said cation 
exchanger is separated from said aqueous solution ^5 
by a dense neutral hydrophobic membrane. 

23. A process according to dalm 1 , wherein said cation 
exchanger, In Its free acid fonn, has an apparent 
acidity corresponding to a pKa of not lower than 2. ^ 

24. A process according to claim 4, wherein said de- 
composition of said cation exchanger salt is by hy- 
drolysis to forni the cation exchanger in its at least 
partially acid form and the second product Is a base ss 
of the cation forming the salt 

25. A process according to claim 24, wherein said base 



is selected from the group consisting of ammonia 
and hydroxides, carbonates and bicarbonates of al- 
Icati and alkaline earth metals. 

26. A process according to claim 24, wherein hydrolysis 
is conducted at a temperature higher than 80''C. 

27. A process according to claim 4, wherein said sec- 
ond decomposition product is transferred into a va- 
por phase. 

28. A process according to claim 4, wherein said lactic 
acid salt is ammonium lactate and said second de- 
composition product is ammonia. 

29. A process according to claim 1 , wherein said lactate 
salt Is a product of fermentation. 

30. A process according to claim 1, wherein the reac- 
tion of step (b) is conducted in a CO2 containing at- 
mosphere. 

31. A process according to claim 1. wherein recovery 
of lactic acid from said acidulated aqueous solution 
is effected by distillation. 

32. A process according to claim 1 0, wherein said lactic 
acid is recovered from said anion exchanger. 

33. A process according to claim 1, wherein recovery 
of lactic acid from said acidulated aqueous solution 
is effected by distillation of its ester. 



PatentansprQche 

1. Vertahren zur Gewinnung von Mlichs&ure aus 
wSssrigen Ldsungen, die mindestens ein wasser- 
Idsliches Lactat-Salz enthatten und einen pH-Wert 
zwischen etwa 4 und 14 haben, umfassend die 
Schritte: 

a) Kontaktieren der w&ssrigen Losung mtt el- 
nem Katlonenaustauscher, der mindestens tell- 
weise in seiner sauren Fomi vorllegt, wobei der 
Katlonenaustauscher sowohl In saurer Form 
als auch In Saizfomi In Wasser unmischbar ist, 
wodurch lonenaustausch bewirkt wird, Proto- 
nen von diesem Katlonenaustauscher in die 
wgssrige Losung ubertragen werden, um diese 
anzus&uem und um darin Mllchsaure zu erzeu- 
gen, wobei Kationen aus dieserwSssrigen Lo- 
sung durch diesen Katlonenaustauscher ge- 
bunden werden, um einen Kationen dbertra- 
genden Katlonenaustauscher zu erzeugen; 

b) diesen Kationen ubertragenden Katlonen- 
austauscher reagieren lessen, um ihn In einen 
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2. 



Kationenaustauscher zu iiberfiihren, der min- 
destens teilweise In seiner sauren Form vor- 
liegt, sowie zu einenn zweiten Produkt, wobei 
das zweite Produkt basisch ist und das Kation 
des Saizes aufweist; sowie 

c) Gewtnnen von Milchsaure aus dieser l^llch- 
saure enthaltenden, angesfiuerten wassrigen 
Losung nacli sich belonnten IWIethoden. 

Verfahren nach Anspruch 1, bei welchem der Kat- 
lonanaustausclier ein flQssiger Kationenaustau- 
scher Ist. 

Verfahren nach Anspruch 1, bei welchem der Kat- . 
lonenaustauscher ein fester Kationenaustauscher 
1st 
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4. Verfahren nach Anspruch 1 , be! welchem dle.Realc- 
tlon in Schritt (b) elner Abbaurealrtion 1st. 



20 



5. 



Verfahren nach Anspaich 1 , bei welchem die l^iich- 
saure aus der Milchsaure enthaitenden, angesfiu- 
erten wfissrigen Losung gleichzeltlg mit Ihrer An- 
sfiuerung gewonneri wird. 25 

Verfahren nach Anspruch 1 , bei welchem die IVIIIch- 
sSure aus der Milchsaure enthaitenden, angesau- 
erten wSssrigen Losung nach der AnsSuerung die- 
ser Losung gewonnen wird, . 30 

Verfahren nach Anspruch 1 , bei wetehem das zwei- 
te Produkt als ein Neutrallsatio.nsmlttel In der Per- 
mentation verwendet wird. 



scherlst. 

12. Verfahren nach Anspruch 10, bei welchem der An- 
lonenaustauscher ein fester Anionenaustauscher 
1st. 

13. Verfahren nach Anspruch 10, bei welchem der An- 
ionenaustauscher fn seiner baslschen Form eine 
schelnbaro Baslzltfit hat, die einem pKg.von nicht 
mehr als 6 entspricht. 

14. Verfahren nach Anspruch 10, bei welchem der. An- 
ionenaustauscher in seiner basischen Fomi eine 
schelnbare Basizitat hat, die einem pK^ von nicht 
mehr als 4,5 entspricht. 

15. Verfahren nach Anspruch 10, bei welchem der Kat- 
ionenaustauscher in seiner mindestens teilweise 
sauren Fonn sowie der Anionenaustauscher In sei- 
ner mindestens teilweise basischen Fomi gleich- 
zeltlg mit der Milchsaure-Salz enthaitenden w§ss- 
rigen Ldsung kontaktlert werden. . 



8. 



9. 



Verfahren nach Anspruch 1, bei welchem die Ge- 
winnung der Milchsaure aus der angesauerten 
wassrigen Losung durch Kontaktleren dieser Ld- 
sung mit einem Mllchsaure-Extraktionsmlttel er- 
folgt. 

Verfahren nach Anspruch 1, bei welchem die Ge- 
winnung der Milchsaure aus der angesfiuerten . 
wassrigen Losung durch Kontaktleren dieser Lo- 
sung mit einem Mltehsfiure-Absorptlonsmittel er- 
folgt. 



10. Verfahren nach Anspruch 1, bei welchem die Ge- 
. winnung der Milchsfiure aus der angesSuerten 

wassrigen Losung durch Kontaktleren dieser Lo- 
sung mit einem Anionenaustauscher erfolgt, der 
mindestens teilweise in seiner frelen basischen 
Form voriiegt, wobei der Anionenaustauscher so- 
wohl In baslscher Forni als auch in Saizform In Was- 
ser unmlschbar ist. 

11. Verfahren nach Anspruch 10, be! welchem der An- 
ionenaustauscher ein fliissiger Anionenaustau- 
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16. Verfahren nach Anspmch 1 0, bei welchem der Kat- 
lonenaustauscher in seiner mindestens teilweise 

. sauren Form sowie der Anionenaustauscher in sei- 
ner mindestens teilweise basischen Fonn wleder- 
holt alternierend mit der Milchsaure-Salz enthaiten- 
den wflssrigen Lfisung kontaktlert werden. 

17. Verfahren nach Anspruch 10, bei welchem der An- 
ionenaustauscher von derwSssrlgen Losung durch 
eine Anionenaustauschermembran abgetrennt 
wird. ' . 

18. Verfahren nach Anspruch 10, bei welchem der An- 
ionenaustauscher von der wassrigen Losung durch 
eine dfehte, neutrale, hydrophile Membran abge- 
trennt wird. 

19. Verfahren nach Anspruch 10, bei welchem der An- 
ionenaustauscher von der wassrigen Losung durch 
eine dichte, neutrale, hydrophobe Membran abge- 
trennt wird. . 

20. Verfahren nach Anspruch 1, bei welchem der Kat- 
ionenaustauscher von der wassrigen Losung durch 
eine Kationenaustauschemiembran abgetrennt 
wird. 

21. Verfahren nach Anspruch 1, bei welchem der Kat- 
ionenaustauscher von der wassrigen Losung durch 
eine dtehte, neutrale, hydrophile Membran abge- 
trennt wird. 

22. Verfahren nach Anspruch 1, bei welchem der Kat- 
ionenaustauscher von der wassrigen Losung durch' 

. eine dichte, neutrale, hydrophobe Membran abge- 
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trennt wird. 

23. Verfahren nach Anspruch 1, bei weichem der Kat- 
ionenaustauscherin seiner freien sauren Form eine 
scheinbare Acidttat hat, die einem pKa von nicht 
wenlger als 2 entspricht. 

24. Verfahren nach Anspruch 4, bel weichem der Ab- 
bau des Kationenaustauscher-Salzes durch Hydro- 
lyse erfolgt, urn den Kationenaustauscher in seiner 
mindestens teitweise sauren Form zu erzeugen, 
wobei das zweite Produkt eine Base des Icationer- 
zeugenden Salzes ist. 

25. Verfahren nach Anspruch 24, bei webhem die Base 
ausgewfihit wird aus der Gruppe, bestehend aus 
Ammoniak und Hydroxiden, Carbonaten und Hy- 
drogencarbonaten von Alkali- und Erdaikailmetal- 

len. 

26. Verfahren nach Anspruch 24, bei wetchem die i-ly- 
drolyse bei einer Temperatur oberhalb von BO'C 
ausgefQhrt wtrd. 

27. Verfahren nach Anspruch 4, be) weichem das zwei- 
te Abbauprodukt in eine Dampfphase OberfOhrt 
wird. 

28. Verfahren nach Anspruch 4, bel weichem das Milch- 
saure-Salz Ammoniumlactat Ist und das zweite Ab- 
bauprodukt Ammoniak ist. 

29. Verfahren nach Anspruch 1 , bel weichem das Lac- 
" tat-Salz ein Produjct der Femnentetlon ist. 

30. Verfahren nach Anspruch 1 , bel weichem die Reak- 
tion von Schritt (b) in einer CO2 enthaltenden Atmo- 
sphSre ausgefQhrt wird. 

31 . Verfahren nach Anspruch 1 , bei weichem die Ge- 
winnung von Mlichsfiure aus der angesauerten 
w&ssrigen L6sung durch pestlliatlon erfolgt. 

' 32. Verfahren nach Anspruch 10, bel weichem die 
MilchsSure aus dem Anionenaustauscher gewon- 
nenwird. 

33. Verfahren nach Anspruch 1 , bei weichem die Ge- 
winnung von Mllchsfiure aus der anges§uerten 
wSssrigen Losung durch Destination ihres Esters 
erfolgt. 



Revendlcations 

1 . Proc^d^ de recuperation d'acide lactique & partir de 
solutions aqueuses contenant au moins un sei lac- 
tate hydrosolubie et ayant un pH compris entre en- 



viron 4 et environ 14, comprenant les 6tapes con- 
sistent k : 

a) mettre ladlte solution aqueuse en contact 
5 avec un ^changeur de cations quj est au moins 

partlellement sous sa fomrte aclde, ledit dchan- 
geur de cations 6tant non misctble k Teau sous 
sa fomie acide et sous sa forme sei, r^change 
d'lons etant efTectud, des protons dtant trans- 

10 fdrds dudit dchangeur de cations 6 la solution 

aqueuse pour Taciduler et pour y fonner de 
i'aclde lactique, et des cations de iadlte solution 
aqueuse etant lids par ledIt echangeur de ca- 
tions pourfomier un ^changeur de cations por- 

15 tant des cations ; 

b) mettre k r6agir iedit ^changeur de cations 
portant des cations pour le convertir en un 
echangeur de cations qui est au moins partlel- 
lement sous sa foHTie aclde et en un second 

20 prodult, lequel second prodult est basique et 

comprend le cation dudit sei ; et 

c) r^cup^rer Taclde lactique de iadtte solution 
aqueuse acidul6e contenant de Tacide lactique.' 
par des procdd^s connus en soi. 

25 

2. ProcedSseion larevendlcation 1, dans lequel iedit 
echangeur de cations est un 6changeur de cations 
iiquide. 

30 3. Proc666 seion la revendication 1 , dans lequel ledit 
echangeur de cations est un 6changeur de cations 
solide. 

4. Procddd seion ta revendication 1 , dans lequel ladlte 
35 reaction k ladlte etape (b) est une reaction de de- 
composition. 

5. Procede seion la revendication 1 , dans lequel ledit 
aclde lactique est rdcup^re de ladlte solution 

40 aqueuse aciduiee contenant de i'aclde lactique en 
mdme temps que ceile-ci est Bciduiee. 

6: Precede seion la revendication 1 , dans lequel ledtt 
aclde lactique est recupere de ladlte solution 
45 aqueuse aclduiee contenant de i'aclde lactique 
apr&s que ladlte solution est aclduiee. 

7. Precede seion la revendication 1 , dans lequel ledit 
second prodult est utilise comme agent de neutra- 

50 iisation dans la femrtentation. . - 

8. Precede seion la revendication 1 , dans lequel ladite 
recuperation dudit acide lactique de la solution 
aqueuse aclduiee s'effectue par mise en contact de 

55 ladlte solution avec un extracteur d'acide lactique. 

9. Precede seion la revendication 1 , dans lequel ladite 
recuperation dudit acide lactique de ladite solution 
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aqueuse acidul6e s'effectue par mise en contact de 
ladite solution avec un absorbant d'acide lactlque. 

10. Proc6d6selon ta revehdlcatlon 1, dans lequel ladite 
r6cup6ratlon dudit aclde lactlque de la solution 
aqueuse acidul6e s'effectue par mise en contact de 
ladite solution avec un 6changeur d'anlons qui est 
au molns partiel lament sous sa forme de base llbre, 
lequel 6changeur d'anlons n'est pas misclble k ieau 
sous sa forme de base et sous sa forme de sel. 
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Proc6d6 selon la fevendication 1 0, dans iequel ledit 
6changeur d'anlons est un tehangeur d'anlons II- 

quide. 



12. Precede selon la revendicatlon 1 0, dans lequel ledIt 
6changeur d'anlons est un fchangeur d'anlons so- 
nde, 

13. Proc6de selon la revendicatlon 10, dans lequelledit 
6changeur d'anlons, sous sa fomne de base llbre, a 
une baslclt6 apparente correspondent 6 un pKa In- 
f6rieur ou egai k 6. 

1 4. Proc6d6 selon la revendication 1 0, dans lequel ledIt 
6changeur d'anlons, sous sa fomne de base llbre, a 
une basicity apparente correspondant k un pKa In- 
fdrleur ou 6gal k 4,5. 

15. Proc6d6 selon la revendication 10, dans lequel ledit 
6changeur de cations sous sa fomne au molns par- 
tlellement acide et ledit 6changeur d'anlons sous sa . 
forme au molns partlellement de base llbre sont mis 
en contact simultanement avec ladite solution 
aqueuse contenant un sel d'acide lactlque. 

1 6. Proc6d6 selon la revendicatlon 10, dans iequel ledit 
6changeur de cations sous sa forme au molns parr 
tiellement acide et jedit 6changeur d'anlons sous sa 
formeaumolns partlefllement debase llbre sont mis 
en contact en alternance de f apon r6p6t6e avec la- 
dite solution aqueuse contenant un sei d'acide lac- 
tlque. 

17. Proc6d6 selon la revendicatlon 1 0, dans lequel ledit 
6changeur d'anlons est s6par6 de ladite solution 
aqueuse par une membrane ^changeuse d'anlons. 

18. Proc6d6 selon la revendicatlon 10, dans lequel ledit 
dchangeur d'anlons est s6par6 de ladite solution 
aqueusapar une membrane hydrophlle neutre den- 



20. Proc6d6 selon la revendicatlon 1 , dans lequel ledit 
dchangeur de cations est s6pare de ladite solution 
aqueuse par une membrane 6changeuse de ca- 
tions. 
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22. 



Id 



se. 



Proc6d6 selon la revendication 1 0, dans lequel ledit 
6changeur d'anlons est s^par^ de ladite solution 
aqueuse par une membrane hydrophobe neutre 
dense. 
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Proced6 selon la revendication 1 , dans lequel ledit 
echangeur de cations est s6par6 de ladite solution 
aqueuse par une membrane hydrophlle neutre den- 
se. . 

Proc6d6 selon la revendicatlon 1 , dans lequel ledit 
^hangeur de cations est s^par^ de iadite solution 
aqueuse par une menribrane hydrophobe neutre 
dense. 

Proc^d^ selon la revendication 1 , dans lequel ledit 
tehangeur de cations, sous sa forme d'acide libre, 
a uneacldlt6 apparente correspondant 6 un pKasu- 
p^rieur ou 6gal 6 2. 

Proc6d6 selon la revendication 4, dans lequel ladite 
dteomposltlon dudit sel 6changeur de cations s'ef- 
fectue par hydrolyse pour f omrier l'6changeur de ca- 
tions k sa forme au molns partiellement acide et le 
second prodult est une base du cation formant le 
sel. 



25. Proc6d6 selon la revendication 24, dans lequel la- 
dite base est s6lectlonn6e dans le groupe constltu6 

30 par rammonlaque et.les hydroxydes. les carbona- 
tes et les blcaitonates de m6taux alcalins et alca- 
llnorterreux. 

26. Proc6d§ selon la revendication 24, dans lequel I'hy- 
35 drolyse est effectu6e k une temperature sup6rieure 

&80*»C. 

27. Proc6d6 selon la revendication 4, dans iequel ledit 
. . second prodult de d&onriposition est transf6r6 6 
^ une phase vapeur. 

28. Proc6d6 selon la revendication 4, dans lequel ledit 
sel d'acide lactlque est le lactate d'ammonlum et le- 
dit second prodult de decomposition est rammonia- 
que. 

29. Proc6d6 selon la revendication 1 , dans lequel ledit 
sel lactate est un piroduit de fermentation. 



so 



30.. Precede selon la revendicatlon 1. dans lequel la 
reaction de retape (b) est mise en oeuvre dans une 
atmosphere contenant du CO2. 
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Precede selon la revendication 1, dans lequel la re- 
cuperation de I'acide lactlque de ladite solution • 
aqueuse aclduiee s'effectue par distillation. 



32. Procedeselon larevendication 10, daiis lequeiledit 
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acide lactlque est r6cup6r§ dudit ^changeur 
d'anions. 

33. Proc^dd selon la revendication 1 , dans lequel ta re- 
cuperation de racide lactique de ladite solution s 
aqueuse acidul6e s'effectue par distillation de son 
ester. 
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